INTRODUCTION
According to the current guidelines, the indications for treatment of carotid artery stenosis are based on the presence of clinical symptoms and the degree of carotid stenosis% (CS%) [1] . For decades, trans-femoral contrast angiography has been used as the gold standard for measurement of the CS%. However, transfemoral carotid arteriography (CA) cannot be used as a routine diagnostic procedure because of its invasiveness, potential risk of cerebral infarction due to carotid artery embolism and the side effects associated with the contrast agent. To avoid an invasiveness of transfemoral CA, computed tomography angiography or magnetic resonance angiography were also used in the diagnosis of carotid stenosis. In this study, we attempted to determine correlation between CS% measured on B-mode US and CA.
CA provides only luminogram showing features of ar-

METHODS
The clinical protocol for this study was approved by the 
Measurement of CS% on B-mode US
All US examinations were performed by experienced and previous studies [3, 4] .
thesurgery.or.kr 
Statistical analysis
To determine a correlation between CSs% on a B-mode Table 2 demonstrates the distribution of carotid artery stenosis according to the CS% on B-mode US and
RESULTS
arteriogram. The distribution of CS% on B-mode US was more similar to that of ECST method than that of NASCET method.
Correlation between CS% on B-mode US and arteriogram by ECST method
Correlation between CS% on B-mode US and CA (by ECST method) is shown in the scatter plot diagram ( On a subgroup analysis according to CS%, accuracies of B-mode US were 93.2%, 88.0%, and 81.2% in a subgroup with CS% on B-mode ＞50%, ＞60%, and ＞65%, respectively. The sensitivity, specificity, positive and negative predictive values are listed in Table 3 . 
Correlation between CS% on B-mode US and arteriogram by NASCET method
The correlation between CS% on B-mode US and CA (by On a subgroup analysis according to CS%, accuracies of B-mode US were 86.5%, 82.7%, and 82.0% in a subgroup with CS% on B-mode ＞60%, ＞70%, and ＞75%, respectively. The sensitivity, specificity, positive and negative predictive values are shown in Table 4 .
DISCUSSION
In this study, we found a strong positive correlation between CS% measured on B-mode US and an arteriogram which was calculated by either ECST or NASCET method.
The efficacy of carotid endarterectomy for symptomatic thesurgery.or.kr [5, 6] . In ACAS trial and NASCET, arteriographic measurements were used to determine the degree of carotid stenosis, which was calculated by comparing the residual lumen at the site of maximal stenosis to the lumen of the nondiseased distal ICA.
Although angiographic stenosis of carotid artery was used as a gold standard to give the degree of carotid stenosis in prior trials, each method of calculation is different and has its own drawbacks. In ECST, they used an anticipated outer wall of the carotid bulb as a denominator in calculation of CS% while distal normal ICA was used as a denominator in NASCET and ACAS.
The ECST Method can give the best estimate of plaque thickness which is relevant for the ensuing risk of embolism and the true extent of stenosis. However, angiography enables only a rough and indirect estimate of the local degree of a stenosis because, unlike B-mode US, it does not depict the original vessel diameter. The NASCET method is frequently used in the United States and is reliable but tends to underestimate the degree of stenosis.
Some practice guideline recommended not to use NASCET method in patients with a near-occlusive stenotic lesion or with a reduced diameter at the distal internal carotid artery beyond the stenotic lesion [2, 7] .
In performing duplex US for patients with carotid artery disease, the criteria of CS% can be different from cen- ters [2] . But they suggested only 2 categories of plaque estimate ＜50% and ≥50% as parameter of CS＜50% and CS ≥50%, respectively. No more detailed parameter of plaque estimate was suggested to subclassify CS≥50% [8] .
With an evolution of US equipment and examination techniques, it has been available to delineate arterial wall layers and measure the thickness of the layer on a US image. In current practice, duplex US has become an initial diagnostic modality of choice in carotid artery disease.
However, the duplex US has some limitations with regard to the technical, hemodynamic and anatomic factors.
Furthermore, the results of the duplex US are examiner-dependent. Variability between laboratories and between examiners using the same equipment have been previously documented [8] [9] [10] . Anatomic factors such as tortuosity or kinking of the carotid artery, hemodynamic factors such as an occlusion of the contralateral carotid artery, the presence of tandem lesion or previous carotid intervention [11] [12] [13] [14] , and systemic factors such as change of blood pressure or the cardiac output can also influence velocity mesurement of the duplex US [15, 16] .
The measurements CS% using B-mode US is free from However, compared to velocity measurement using duplex US, measurement of the CS% on a hard copy of B-mode US is simple in its technique and examination results are less affected by such technical factors. Another advantage of US over the CA is its ability to assess carotid plaque morphology [17] [18] [19] .
Some authors have reported the efficacy of CS% measured on B-mode US [2, 15, 16, [20] [21] [22] [23] . Among them, some authors reported increased accuracy of B-mode US of carotid stenosis when it is interpreted in conjunction with flow velocity criteria [20, 23] . MacKenzie et al. [16] described that the accuracy of CS% on B-mode US was similar to that of velocity criteria in detecting CS% of 50 to 99%, 60 to 99%, and 70 to 99% on TFCA. According to them, the B-mode US image provided the best overall accuracy rates in subgroups of CS of 50 to 99%, 60 to 99%, and 70 to 99% were 85.3% (CS on B-mode US ＞65%), 82.2% (CS on B-mode US ＞70%, and 87.0% (CS on B-mode US ＞78%), respectively. These results are similar to our results in this study. Sprouse et al. [15] suggested that the CS% on B-mode US can be a reliable predictor of carotid stenosis independent of the velocity criteria. According to them, CS% calculated using distal non-stenotic ICA diameter as a denominator and RD of the most stenotic segment of ICA as a numerator (similar to NASCET method) also could be a reliable reliable predictor of carotid stenosis in addition to bulb diameter reduction (similar to ECST method).
Though opponents of B-mode US in the measurement of CS% reported the above-described limitations of US, Sprouse et al. [15] reported that B-mode US assessment was available in 91% of patients. They expected that B-mode US measurement of CS% will be available on more than 95% of patients as examiner's experience and US equipment continues to improve. It was hard for us to determine technical availability of B-mode US examination of the carotid artery in this retrospective study.
In conclusion, although we take some drawbacks of B-mode US in measurement of CS%, we found that US measurement of carotid stenosis was simpler compared to velocity measurement, available in most patients and its results showed a strong positive correlation with CS% measured on transfemoral CA either ECST or NASCET methods (R = 0.853, P ＜ 0.001 and R = 0. 828, P ＜ 0.001, respectively).
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